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IntroductionReverse osmosis (RO) membranes and all pipes in the water treatment and inlet lines to the dialysis machine must be periodically disinfected to prevent the development 
of biofilms.1 Bacteria in natural aquatic environments do not usually live as a single free-swimming microscopic cell, but rather as communities of microorganisms that are 
attached to a surface known as biofilm.2 Once 
these biofilms are formed, they are resistant to disinfectant.3 Due to ineffectiveness of 
the disinfectant to remove the biofilm, the colonies of bacteria continue to proliferate and release endotoxins and bacterial fragments 
into the water. Formation of biofilm enables the bacteria to survive the harsh environment, the host immune system, antimicrobial therapy and disinfectant.3-5 Pseudomonas sp., 
Acinetobacter sp. and Serratia sp. are among 
the known biofilm formers.4,6,7Continuous prolonged exposure to 
endotoxin will cause chronic inflammation in 
the hemodialysis patient. Chronic inflammation has been known to cause protein wasting, increased insulin resistance and promote atherosclerosis.8 Due to the implication of 
preserved biofilms in the hemodialysis unit, this study aimed to determine which genus or species of bacteria in RO water was able to 
form a biofilm.
MethodsThis study was performed using a descriptive laboratory study design where RO water samples were taken from two hospitals in Bandung and transported in the icebox to maintain the temperature to the microbiology 
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Abstract
Background: Bacteria in aquatic environments do not usually live as a single free-swimming microscopic cell, but rather as communities of microorganisms that are attached to a surface in the 
form of biofilm. Biofilm is a major cause of concern to the medical world, as it protects the bacteria from a harsh environment, the host immune system, antimicrobial therapy, and even disinfectant. The aim of this study was to determine which genus or species of bacteria in reverse osmosis (RO) water 
was able to form a biofilm.
Methods: Water samples were taken from RO water of water treatment in hemodialysis (HD) centers at two hospitals in Bandung; at each point of the water treatment plant, bacteria were cultured. Any 
growth of bacteria was tested with a tube method to determine the formation of biofilm.
Results: Micrococcus luteus, Citrobacter diversus, Enterobacter aerogenes, Pseudomonas sp., Serratia 
sp., Acinetobacter sp. were able to form biofilm while Klebsiella pneumoniae and Staphylococcus 
saprophyticus were not.
Conclusions: Most bacteria isolated from RO water can form a biofilm, and a few are not. This study is 
successfully to check the possibility of biofilm formation of RO water, therefore, disinfecting RO water regularly is important and highly encouraged.
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laboratory in the Faculty of Medicine Universitas Padjadjaran. The water samples were then processed immediately to ensure 
the viability of the bacteria. The identification of the bacteria genus found in RO water was examined in a separate experiment. The experiment was conducted from September to November 2014.
After the identification of the genus of 
bacteria, the bacteria were assessed for biofilm formation. The method to detect the formation 
of biofilm by the bacteria was conducted by tube method as described elsewhere.9 The tube method was a qualitative method with the usage of simple equipment to assess 
biofilm formation by adhesion of biofilm to the wall of the tube.9,10The media used was trypticase soy broth (TSB) containing 1% glucose and the reagents were consisting of deionized water or distilled water, phosphate-buffered saline at pH 7.3, 
0.1% crystal violet with identified bacterial genus from RO water. In brief, the volume 
of 10mL TSB was poured into test tubes and autoclaved for sterilization. A loopful of desired bacteria was transferred to the prepared TSB using an aseptic technique. The test tubes were incubated for 18 to 24 hours at 37°C in an incubator. The tubes were decanted and washed three times with phosphate-buffered saline (pH 7.3) to remove planktonic cells. The tubes were then air- dried up to 10 minutes. Next, the tubes were stained with 0.1% crystal violet and left for 30 minutes at room temperature. The tubes were then washed two times with deionized water or distilled water to remove the excess stain. The tubes were inverted and allowed to air dry. The formation of a ring at the liquid interface was not considered a positive result. 
A positive result for biofilm formation was 
observed when a visible film stained by crystal violet lines the wall and the bottom of the tube. This experiment was repeated 3 times to ensure valid results. Three sets of tubes containing TSB inoculated respectively with 
Figure 1 Positive Control Tubes 
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Note: tube 1 - Staphylococcus aureus ATCC 25923; tube 2 -Klebsiella pneumoniae ATCC 700603; tube 3 - Pseudomonas aeruginosa ATCC 27853. Tube 4 as a negative control. The red arrow as the 
indicator of an example of biofilm formation.
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Staphylococcus aureus ATCC 25923, Klebsiella 
pneumoniae ATCC 700603 and Pseudomonas 
aeruginosa ATCC 27853 were used as positive 
controls for biofilm formation and a tube containing TSB without any inoculation was used as the negative control (Figure 1).
ResultsOur study showed that various genus or 
species of bacteria could form biofilm as shown in Table 1. Micrococcus luteus, Citrobacter 
diversus, Enterobacter aerogenes, Pseudomonas 
sp., Serratia sp., Acinetobacter sp. were able to 
form biofilm; while Klebsiella pneumoniae and 
Staphylococcus saprophyticus were not.
DiscussionOur study result has shown that the majority of the bacteria isolated from RO water are able to 
form a biofilm, similar to various studies.6,7,12-17 Enterobacter aerogenes have been known 
to have biofilm formation of regulatory protein BssR which might contribute to the 
formation of biofilm.18 The exceptions are 
Klebsiella pneumoniae (K. pneumoniae) and 
Staphylococcus saprophyticus (S. saprophyticus) 
that cannot form biofilm in our study, that is 
also confirmed in other studies.19,20
Biofilm formation needs close attention 
in hemodialysis units. Biofilm can protect bacteria from disinfectant,3 and biofilm thus can decrease the effectiveness of the disinfectant. Therefore, the colonies of bacteria can continue to proliferate and can release endotoxins or bacterial fragments into the water. Continuous prolonged exposure to endotoxin or bacterial fragments have been known to cause protein wasting, increased insulin resistance and promote atherosclerosis in hemodialysis patients.8As this study requires the observation of crystal violet colour as an indicator for 
biofilm formation, this test tube test can be easily performed in simple laboratories. This research is limited by human eyesight and 
hence, the result is subjective. Also, to confirm 
that there is biofilm former, this research should be tested against other methods for 
assessing biofilm formation such as tissue culture plate. More advanced research is needed to further identify the types of 
bacteria with the ability to form biofilm in RO water. Effective disinfectant can be deployed 
before any formation of biofilm occurred. To identifying the types of bacteria, different types of disinfectants should be explored for 
the effective elimination of biofilm.  To conclude, the majority of bacteria isolated from RO water are able to form a 
biofilm, for examples Micrococcus luteus, 
Citrobacter diversus, Enterobacter aerogenes, 
Table 1 Genus or Species of Bacteria with the Ability to Form Biofilm from RO Water in Two 
  Hospitals in BandungBacteria Genus/Species Number of isolates Number of isolates able to form biofilm
Micrococcus luteus 10 10
Pseudomonas sp. 6 6
Acinetobacter sp. 5 5
Bacillus sp. 5 5
Serratia sp. 3 3
Yersinia pseudotuberculosis 3 3
Enterobacter aerogenes 2 2
Citrobacter diversus 2 2
Klebsiella pneumoniae 2 -
Moraxella sp. 1 1
Staphylococcus epidermidis 1 1
Staphylococcus saprophyticus 1 -Total 41 38
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Pseudomonas sp., Serratia sp., Acinetobacter sp., and only a few of bacteria which are not able to 
form a biofilm, such as Klebsiella pneumoniae and Staphylococcus saprophyticus. This study has shown that it is important to disinfect RO water regularly. Further studies are needed to identify potential agents able to destroy 
biofilms.
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